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Abstract

With their highly sensitive olfactory system, the behaviour and physiology of mice are not only
influenced by the scents of conspecifics and other species, but also by many other chemicals in
the environment. The constraints of laboratory housing limit a mouse’s capacity to avoid
aversive odours that could be present in the environment. Potentially odorous items routinely
used for husbandry procedures, such as sanitizing products and gloves, could be perceived by
mice as aversive or attractive, and affect their behaviour, physiology and experimental results.
A survey was sent to research institutions in the UK to enquire about husbandry practices that
could impact on the olfactory environment of the mouse. Responses were obtained from 80
individuals working in 51 institutions. Husbandry practices varied considerably. Seventy percent

of respondents reported always wearing gloves for handling mice, with nitrile being the most
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common glove material (94%) followed by latex (23%) and vinyl (14%). Over six different
products were listed for cleaning surfaces, floors, anaesthesia and euthanasia chambers and
behavioural apparatus. In all cases Trigene™ (now called Anistel™) was the most common
cleaning product used (43, 41, 40 and 49%, respectively). Depending on the attribute
considered, between 7 and 19% of respondents thought that cleaning products definitely, or
were likely to, have strong effects on standardization, mouse health, physiology or behaviour.
Understanding whether and how these odours affect mouse welfare will help to refine mouse
husbandry and experimental procedures through practical recommendations, to improve the

quality of life of laboratory animals and the experimental data obtained.
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Non-regulated routine husbandry procedures, such as certain methods for handling 13 cage-
cleaning # and ear biopsies used for identification marking > have some impact on mouse wellbeing.
Moreover, although UK establishments are expected to comply with the minimum provisions set
out by the Home Office © these only govern certain aspects of husbandry, and different animal units
might still differ in the way they carry out some of the tasks. Reports about the influence of the
laboratory environment on the outcome of mouse behavioural genetics experiments 7 have raised
questions about which environmental factors are most relevant °. To help identify sources of
variation that could affect results, researchers are encouraged to provide more thorough
descriptions of all aspects of the experiment, including the apparatus, procedure, strain,
environment and husbandry. For example, the National Centre for the 3Rs (NC3Rs) has developed
the Animal Research: Reporting In-Vivo Experiments (ARRIVE) ! guidelines that have been adopted
by many journals and research funding bodies. However, perhaps due to our inherent sensory

limitations as humans, the olfactory environment that mice are exposed to is generally omitted.

Although humans and mice share the same five senses, there are important differences in
their perceptual sensitivity. Mice rely on the olfactory system as a major sensory modality 12
whereas humans rely more on vision and have largely lost olfactory sensitivity 3. Some seemingly
innocuous or imperceptible olfactory cues could thus cause physiological and behavioural changes
in mice, potentially confounding experimental data and/or increasing the severity of procedures.
For example, toluene, an organic solvent used in many products such as paints, printing ink, rubber
and disinfectants, is a potent stimulant of the trigeminal system, which functions to detect irritants
and potentially noxious chemicals. In mice, exposure to toluene causes aversion, measured by a

significant decrease in the time spent in an area containing this substance when compared to water
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14 Similarly, when rats were presented with a capped or uncapped permanent marker pen in a two
choice Grice aversion test, they showed increased latencies, spent less time and visited less often

the box containing the uncapped one, suggesting aversion to the odour or solvent released *°.

Plant-derived scents and essential oils (EO) used to improve the smell of cleaning products
have also been reported to have physiological and behavioural consequences in rodents. A variety
of EOs has shown antidepressant, anxiolytic, sedative or anxiogenic effects in anxiety-related
behavioural tests in mice (Table 1). These reactions appear to be mediated by neural or hormonal
mechanisms, including the GABAergic?®, serotonergic *” and dopaminergic'® neurotransmission
systems and the hypothalamic-pituitary-adrenal (HPA) axis 1° . Another issue to consider is the
potential impact of EOs on the quality of anaesthesia. In mice, inhalation of linalool, lemon oil or
jasmine oil during pentobarbitone-induced anaesthesia reduces sleeping time, whereas exposure to
terpinyl acetate and phenethyl alcohol increases it 2%21. Additionally, inhalation of linalool reduced

body temperature by 3.6°C in the pentobarbitone-anaesthetised mice 2° .

We carried out a survey to gain information on the diversity of the olfactory environment
laboratory mice were exposed to during routine husbandry procedures. Although the survey aimed
at the UK, one response from Ireland was also included. The survey focused on the type of glove
materials used to handle mice and cleaning products employed to sanitise different areas. We also
asked participants specific questions about their personal experience and opinions on the subject.
The results can be used to guide researchers as to the most common products currently used to aid
standardisation efforts in the short term, and to stimulate research into best practice over the
longer term. It should be noted that, while the focus of this questionnaire was on potential

olfactory effects on mice, each product could affect mice in other ways too, e.g. toxicity,



77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

psychoactive effects, or tactile effects.

Materials and methods

The survey was first launched in February 2012. A request to complete the questionnaire
was sent by email to individuals involved in laboratory animal work in the UK. These contacts were
obtained through the professional network of the Royal Veterinary College’s Named Veterinary
Group. A second round was sent in May 2012 to maximise UK coverage, and the survey officially
closed in June 2012. During the second round, the survey was distributed using specialist mailing
lists (Vets on Line; VOLE and Institute of Animal Technology; IAT) and it was advertised in the
Laboratory Animal Science (LASA) Spring Forum magazine. To safeguard anonymity no personal
details were asked and respondents were given the option not to disclose the name of their

organisation.

The questionnaire was created using Survey Gizmo (www.surveygizmo.com), an on-line

application that allowed respondents to enter free text and/or to select predetermined answers
from lists. A pilot run of the questionnaire was completed by colleagues with knowledge on the
field (veterinarians and animal technicians), and their feedback was used to improve its design

before the survey was launched.

The survey consisted of 34 questions covering 5 main topics: glove use, cleaning products,
other animals (covered in Lépez-Salesansky et al. submitted to this journal), staff policies and
personal opinions. A full a copy of the survey can be found as supplementary material in Lopez-
Salesansky et al. (submitted to this journal). There were 23 multiple-choice questions and 11 open

guestions. Open questions aimed at providing further details on multiple-choice questions or were
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98 used to leave an opinion or a comment. The language of the questionnaire was English. The

99  questions of relevance to sources of non-animal scents included:

100 e Demographic information including role of the respondent, type of facility, and type
101 of rodent caging.

102 e Whether mice were handled with gloves and what glove material was used.

103 e Whether gloves of different materials left a smell on human hands after use

104 e What products were used for washing hands in their facilities.

105 e What cleaning products were used to clean mouse cages, surfaces/floors,

106 anaesthesia/ euthanasia chambers, behavioural apparatus and surgical equipment
107 after each mouse and at the end of the day. The particular products inquired about
108 were Virkon®, Trigene™, Alcohol, lodine and Chlorhexidine, with free text for other
109 products.

110 e Whether they thought that any products (used currently, or in the past) might

111 adversely affect mice, data quality, or human workers.

112 e Whether there were policies in their place of work regulating the use of perfumes
113 and deodorants or personal hygiene products.

114 e What perfumes and deodorants they knew of that were used by people working in
115 the facility.

116 e How frequently gowns were washed and with what product.

117 e Respondents’ opinions on the relative importance of odours from cleaning products
118 used to wash mouse cages and specialist equipment with respect to standardisation,

119 mouse health and physiology, and mouse behaviour.
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Ethical approval for the survey was granted by the RVC Ethics and Welfare Committee (URN

2012 0052H).

Statistical Analysis

Descriptive analysis of multiple-answer, binary and scale questions was done through

frequency distribution descriptive statistics using Excel.

When the survey was returned partially completed, all questions that were answered
were included in the analysis. If more than one individual responded from the same institution
(anonymised but distinguishable from each other by the IP addresses), the answers were
compared by eye and, if the information provided was clearly different, they were used
separately in the analysis, because each institution may have more than one mouse unit. Only

one response was discarded due to likely duplication.

Results

Demographics

Although 57/80 respondents reached the end of the questionnaire, questions were not compulsory
and some of them failed to answer them all, with some respondents skipping certain questions
even if they reached the end. Therefore a maximum of 80 responses to each question were
obtained from 52 different animal institutions within the UK. Responses from non-UK institutions
were discarded, except for one response from Ireland. Named Animal Care and Welfare Officers
(NACWO) and Unit Managers provided most of the responses (70%). Only 7% of responses were

from scientists (Figure 1A). The age of respondents was mainly between 35 and 54 years old (70%)
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(Figure 1B) and both genders were almost equally represented (females 54%, males 46%). The most

common (37/57) type of organisation surveyed was Academic Research institutions.

Gloves and hand washing

Most (70%) of respondents reported always wearing gloves when handling mice. The remaining

30% occasionally used bare hands, and one out of the 69 used forceps.

The most common glove material used for mouse handling was nitrile (94%) (Figure 1) and
25/80 participants used more than one type of gloves in the same institution. Participants reported
that latex gloves seemed to leave the most noticeable smell on their hands compared with other
materials, with 23% and 42% of respondents reporting a definite smell and a slight smell

respectively (Figure 2).

There was high variation in hand washing practices with 40/76 of respondents using more
than one product for sanitizing their hands. Both antibacterial products and soaps were used either
on their own, or in combination. The general term ‘soap’ was used by 35/76 respondents whereas
39 respondents provided a specific commercial brand including Carex™ (9), Deb (9), New Genn™
(6), Gojo® (5) and Purell (4). Some of these brands have standard soap and antibacterial varieties,
so it was not possible to determine to which product they were referring. With regards to
antibacterial use, 18/76 respondents specified using Hibiscrub™ (chlorhexidine), 9/76 specified
using alcohol and 10/76 did not provide a specific name. Thus over seven different hand sanitisers

were named.

Cleaning practices
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Table 3 and Table 4 summarize the frequencies of responses provided regarding cleaning practices
and the use of specific cleaning products for sanitizing different areas and pieces of equipment in

the animal unit respectively.

Most (70%) of the respondents selected the option “other” for cleaning mouse cages. In the
free text, they explained that cages were put through the cage washer or washed with a specific

cage washer product.

Although Trigene™, (re-named Anistel™ in April 2012) was by far most commonly employed to
clean surfaces and floors (67%), various commercial and off the shelf cleaning products were also
used for this purpose, including Terminator™ one-step disinfectant (1), Sanifex™ (2), Flash™,
Novacross™ (1), ‘generic pine’ (1), Grime-go™ (2) and Super Q™ (2). Thus, in total 13 different

products were listed for cleaning surfaces and floors (Table 2).

Trigene™ was again the product most frequently used to sanitise anaesthesia and euthanasia
chambers (37%, 42%) and behavioural apparatus (40%, 49%) between each mouse and at the end

of the day respectively.

Alcohol was the main product used to clean surgical materials between each mouse (54%)
and at the end of the day (39%) and between 20-23% of respondents selected the option “other”
for cleaning this type of material, specifying in the free text that washing, autoclaving and hot bead

sterilisers were the methods used to sanitise these items.

Thirty-nine respondents provided their opinion on whether there were any products used

currently, or in the past, that they felt might adversely affect mice, data quality, or human workers.
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Most of the responses concerned human health, although sometimes it was ambiguous, as it was
not specified in the free text. People were mostly worried about the effects of Virkon, alcohol and

bleach. Table 5 summarises their responses per product.

None of the surveyed participants reported the use of air freshener in the animal facilities.

Staff policies

Half (7/14) of the respondents providing information regarding the existence of in-house
policies for staff reported the existence of restrictions on the use of perfumes. The policy either
discouraged strong perfumes (2), did not allow them (4) or required consistency of the brand for
neurobehavioural studies (1). 4/14 participants also reported restrictions on the use of deodorants
or personal hygiene products. In this case, original source products were not allowed (1), and
unscented/’not smelly’ products were encouraged (2) and in one case consistency of the brand was
required for neurobehavioural studies. Across all 14 respondents various common brands available
commercially were listed as hygiene products used by staff, including amongst others, Sure™,

Sanex™, Dove™, Lynx™, Impulse™ and Mitchum™.

Gowns were most commonly washed weekly (20/63) or after each use (16/63) and 7/63
reported washing them whenever found dirty (Figure 3). When asked about the product used to
wash gowns, Persil™ (11/56) and Ariel™ (6/56) were the two main commercial products used, but
other brands were also reported. Additionally, 10/56 did not know what product was used because

gowns were sent to an external laundry for washing.

Subjects provided their opinion about how important they thought odours coming from a list
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of sources were regarding experimental standardisation, mouse health and physiology and mouse
behaviour. Table 6 summarises their answers. Depending on the aspect of refinement being
considered, between 7 and 19% of respondents thought that non-animal sources of odour
definitely, or were likely to, have strong effects on standardisation, or mouse health, physiology or
behaviour; on the other hand, between 39-72% suggested they were likely to have only weak

effects.

Discussion

The results of the survey show a large variation in the way husbandry procedures are carried out
across animal units in the UK. The variation is likely to be even greater internationally, as different
commercial products will be available in different countries. The survey also allowed people closely
involved in the care of laboratory animals to raise any concerns about how certain practices could
affect mice and staff members, and showed that opinions varied widely. This reveals a data deficit

concerning aspects of husbandry with potential for improved standardization and refinements.

Although the majority of respondents wore gloves for handling mice, there was a large
proportion (30%) that also used bare hands. This was a surprising finding mainly due to the usual
requirement to use PPE imposed by health and safety to prevent the development of laboratory
animal allergies 22. Consequently, within the same units, animals might not only be exposed to the
smell of different types of glove materials determined by the handler’s preference, but also to the
scent of the handlers themselves, as well as the hand sanitizing products used to wash hands or
gloves. For example, it is common practice to avoid transfer of pathogens between IVCs to disinfect

gloves (and surfaces) between cages under the laminar flow cabinet. This is generally carried out
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with alcohol based sprays or rubs or other disinfecting products. Consequently, the inherent and
acquired scents of the handlers could explain differences in results obtained when different
handlers carry out the same experiment 2. Sorge et. al (2014) demonstrated that olfactory
exposure to male handlers or their scents induces physiological (increased plasma corticosterone,
hyperthermia and decrease in Fos protein-positive neurons) and behavioural (reduced facial
grimacing and nocifensive behavior, increased defecation, and increased thigmotaxis in the open
field) changes that suggest stress-induced analgesia and increased anxiety 2*. However the impact

of handling mice with or without gloves has not yet been tested.

Cleaning of mouse cages was mainly through the cage washer, using " available products
sold by the cage manufacturers. Again, there may be variation in these products that could not
be captured here. Mouse cages provide the most immediate and unavoidable environment to
the mouse, and the scent profile of the detergent used could have a chronic behavioural and
physiological impact on the animal. Although more remote, the same could be said about the
cleaning practices of all the other areas of the animal unit. Surfaces and floors were sometimes
cleaned with products that were reported as strong smelling to humans, and with scented
commercially available products. Although animals in IVCs might be less exposed to these
odours, they are directly exposed to disinfectants used to clean surfaces to avoid cross

contamination between cages.

The most common product used for surface and equipment cleaning was Trigene™ that,
in 2012, changed its name to Anistel™, maintaining the same formulation. This product is

available in a 500 ml ready to use spray with a lavender scent, orin a 5 L concentrated
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formulation that can be ‘unscented’ or have an apple, lavender, eucalyptus or citrus scent ().
Unfortunately, the survey did not question whether the Trigene™ formulation was unscented
or which type of scent was used. This leaves the possibility that variation between animal units
was even greater than described here. It also makes standardization to the most common
product difficult; if a diversity of Anistel™ formulations is used, then the single most common

product could actually be Virkon for surfaces and floors, or alcohol for behavioural equipment.

The method used for cleaning anaesthesia and euthanasia chambers could have an
especially important impact on the welfare of the mouse being subsequently anaesthetised or
euthanised. Because mice can detect alarm odours from stressed individuals 2%, it is possible
that wiping down the chamber with the wrong product between mice, might not adequately
remove these olfactory cues, possibly increasing the amount of anaesthetic required and
making the experience potentially more harmful for the animal. Moreover, 13/67 people
reported either wiping down with water (11) or rarely washing (2) anaesthesia and euthanasia

chambers.

On the other hand, it is possible that cleaning this equipment with alcohol could have
an impact on the pharmacology of anaesthetic agents and on the speed of euthanasia. Alcohol
acts as a central nervous system depressant in a similar way to anaesthetic drugs?’. In an
experiment where rats were given an intra-peritoneal injection of alcohol before inhalation
anaesthesia with halothane, the concentration of the anaesthetic was reduced by 50% at the
onset of anaesthesia and by 20 % when cardiac arrest occurred %8. A similar effect was found in

mice, with up to a 70% reduction in the anaesthetic required for surgical anaesthesia at the
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highest intraperitoneal dose of alcohol (4 mg/kg) 2°. Additionally, both studies found an
increase tolerance to anaesthesia when alcohol was ingested chronically. It should be noted,
however, that the concentrations of alcohol inhaled from a wiped surface are likely to be much

lower than those administered in those studies.

When mice are used in behavioural experiments it is desirable that the behaviours
displayed are not misleadingly affected by extraneous cues in their environment, to improve
replicability. As with anaesthesia and euthanasia chambers, different products were used to
clean behavioural equipment between mice and at the end of the day, but mainly Trigene™,
alcohol and water. Mouse models of alcoholism have shown a variety of behavioural
consequences to its acute or chronic administration and to its withdrawal, including increased
aggression 3 and memory deficits 31. Although the concentrations that might be inhaled
following handling or equipment cleaning will be orders of magnitude less than the above
studies, they may still lead to subtle variations in behavior concentrations that have not been

studied.

Out of 20 responses, 6 participants indicated that their place of work had a policy restricting
the use of perfumes and 4 indicated a restriction in personal hygiene products. Approximately 30
different brands of perfumes and deodorant were used, all of which have very different olfactory
profiles. Most of these products are formulated with plant essential oils, reported as having various
effects on rodent physiology and behaviour 18323%(Table 4). Regulating the use of personal hygiene
products might prove particularly challenging, due to the different preferences of people and little

is known on the particular effects that they could have in the animal unit.
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In summary, this survey explores the variability of the olfactory environment that the
laboratory mouse is routinely exposed to as a result of differences on husbandry practices between
animal units. There is clearly much research required to determine which products should be used
for best practice in terms of refinement and standardisation, but in the meantime, it will be
important for researchers to report any potentially relevant details in their publications as these

could affect the interpretation of their results.

Acknowledgements

We are grateful for all the respondents who participated in this survey. Thank you also to
my colleagues at the NVS department, who gave constructive comments on the pilot versions of
the survey. N L-S was supported by a Went Scholarship at the Royal Veterinary College. This
research did not receive any specific grant from any funding agency in the public, commercial, or

not-for-profit sectors.

References

1. Doty RL. Odor-guided behavior in mammals. Experientia 1986;42(3): 257-271.
2. Hurst JL, West RS. Taming anxiety in laboratory mice. Nat Meth 2010;7(10): 825—-826.

3. Balcombe JP, Barnard ND, Sandusky C. Laboratory routines cause animal stress. Contemp Top Lab
Anim Sci. 2004;43(6): 42-51.

4, Gray S, Hurst JL. The effects of cage cleaning on aggression within groups of male laboratory
mice. Anim Behav 1995;49(3): 821-826.

5. Cinelli P, Rettich A, Seifert B, Biirki K, Arras M. Comparative analysis and physiological impact of
different tissue biopsy methodologies used for the genotyping of laboratory mice. Lab Anim
2007;41(2):1 74-184.

6. Home Office. Code of Practice for the Housing and Care of Animals Used in Scientific Procedure.
London: Her Majesty's Stationary Office; 1989.

7. Crabbe JC, Wahlsten D, Dudek BC. Genetics of mouse behavior: interactions with laboratory
environment. Science 1999;284(5420): 1670-1672.



310
311

312
313

314
315

316
317

318
319
320

321
322
323

324
325
326

327
328
329

330
331
332

333
334

335
336

337
338

339
340

341
342

343
344

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Cabib S, Orsini C, Le Moal M, Piazza PV. Abolition and reversal of strain differences in behavioral
responses to drugs of abuse after a brief experience. Science 2000;289(5478): 463—-465.

Chesler EJ, Wilson SG, Lariviere WR, Rodriguez-Zas SL, Mogil JS. Influences of laboratory
environment on behavior. Nat Neurosci 2002;5(11): 1101-1102.

Wahlsten D. Standardizing tests of mouse behavior: reasons, recommendations, and reality.
Physiol Behav 2001;73(5): 695—704.

Kilkenny C, Browne WJ, Cuthill IC, Emerson M, Altman DG. Improving bioscience research
reporting: the ARRIVE guidelines for reporting animal research. PLoS biology. 2010;8(6).

Olsson IAS, Nevison CM, Patterson-Kane EG, Sherwin CM, Van de Weerd HA, Wiirbel H.
Understanding behaviour: the relevance of ethological approaches in laboratory animal science.
Appl AnimBbehav Sci 2003;81(3):245-264.

Pierron D, Cortés NG, Letellier T, Grossman LI. Current relaxation of selection on the human
genome: Tolerance of deleterious mutations on olfactory receptors. Mol Phylogent Evol 2012,
66(2): 558-64

Galliot E, Laurent L, Hacquemand R, Pourié G, Millot J-L. Fear-like behavioral responses in mice in
different odorant environments: Trigeminal versus olfactory mediation under low doses. Behav
Process 2012; 90: 161-166.

Burn C. Marked for Life? Effects of Early Cage-Cleaning Frequency, Delivery Batch, and
Identification Tail-Marking on Rat Anxiety Profiles. Deacon RMJ, Mason GJ, eds. Dev Psychobiol
2008;50(3): 266.

Gargano AC, Florio JC, Costa M. The GABAergic system contributes to the anxiolytic-like effect of
essential oil from Cymbopogon citratus (lemongrass). Journal of Ethnopharmacol 2011;137: 828-
836.

Nakatomi Y, Yokoyama C, Kinoshita S, et al. Serotonergic mediation of the antidepressant-like
effect of the green leaves odor in mice. Neurosci Lett 2008;436(2): 167—-170.

Komiya M, Takeuchi T, Harada E. Lemon oil vapor causes an anti-stress effect via modulating the
5-HT and DA activities in mice. Behav Brain Res 2006;172(2): 240-249.

Li YJ, Xuan HZ, Shou QY, Zhan ZG, Lu X, Hu FL. Therapeutic effects of propolis essential oil on
anxiety of restraint-stressed mice. Hum ExpToxicol 2012;31(2):157-165.

Linck V de M, da Silva AL, Figueird M, et al. Inhaled linalool-induced sedation in mice.
Phytomedicine. 2009;16(4):303—-307.

Tsuchiya T, Tanida M, Uenoyama S, Nakayama Y, Ozawa T. Effects of olfactory stimulation on the
sleep time induced by pentobarbital administration in mice. Brain Res Bull 1991;26(3):397-401.

Health and Safety Executive. Control of Laboratory Animal Allergy. (Office TS, ed.). The Stationery
Office; 2011:1-10.



345
346

347
348

349

350
351

352
353

354
355

356
357

358
359

360
361

362
363
364
365

366
367

368
369

370
371
372

373
374

375
376

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

Lewejohann L, Reinhard C, Schrewe A. Environmental bias? Effects of housing conditions,
laboratory environment and experimenter on behavioral tests. Genes 2006;5: 64-72.

Sorge RE, Martin LJ, Isbester KA, et al. Olfactory exposure to males, including men, causes stress
and related analgesia in rodents. Nat Meth 2014

Tristel, Products, http://www.tristel.com/products/ (accessed 25™ July 2014).

Cocke R, Moynihan JA, Cohen N, Grota LJ, Ader R. Exposure to conspecific alarm chemosignals
alters immune responses in BALB/c mice. Brain Behav Immun 1993;7(1): 36-46.

Aguayo LG, Peoples RW, Yeh HH, Yevenes GE. GABA-a receptors as molecular sites of ethanol
action. Direct or indirect actions? Curr Top Med Chemi 2002;2(8):869—885.

Wolfson B, Freed B. Influence of alcohol on anesthetic requirements and acute toxicity. Anest
Anal 1980; 59: 826-830.

Johnstone R, Kulp R, Smith T. Effects of acute and chronic ethanol administration on Isoflurane
requirement in mice. Anest Anal 1975; 54: 277-281.

Miczek KA, Barros HM, Sakoda L, Weerts EM. Alcohol and heightened aggression in individual
mice. Alcoholism Clin Exp Res 1998;22(8): 1698-1705.

Beracochea D, Jaffard R. Memory deficits subsequent to chronic consumption of alcohol in mice:
An analysis based on spontaneous alternation behavior. Behav Brain Res 1985;15: 15-25.

Epple G, Nolte D, Mason J (eds), Behavioral responses to pine needle oil in the northern pocket
gopher, USDA National Wildlife Research Center Symposia, National Wildlife Research Center
Repellents Conference: Proceedings of the Second DWRC Special Symposium, Denver, Colorado,
August 8-10, 1995.

Carvalho-Freitas MIR, Costa M. Anxiolytic and sedative effects of extracts and essential oil from
Citrus aurantium L. Biol Pharm Bull.2002;25(12): 1629-1633.

Buchbauer G, Jirovetz L, Jager W. Aromatherapy: evidence for sedative effects of the essential oil
of lavender after inhalation. Z Naturforsch C 1991;46(11-12): 1067-72

Ceccarelli |, Lariviere WR, Fiorenzani P, Sacerdote P, Aloisi AM. Effects of long-term exposure of
lemon essential oil odor on behavioral, hormonal and neuronal parameters in male and female
rats. Brain Res 2004;1001(1): 78-86.

Sadraei H, Ghannadi A, Malekshahi K. Relaxant effect of essential oil of Melissa officinalis and
citral on rat ileum contractions. Fitoterapia 2003;74(5): 445-452.

Lim WC, Seo JM, Lee Cl, Pyo HB, Lee BC. Stimulative and sedative effects of essential oils upon
inhalation in mic. Arch Pharm Res 2005;28: 770-774.


http://digitalcommons.unl.edu/nwrcsymposia

377
378
379

380
381

382
383
384

385

38.

39.

40.

Chioca LR, Ferro MM, Baretta IP and Oliveira SM. Anxiolytic-like effect of lavender essential oil
inhalation in mice: Participation of serotonergic but not GABAA/benzodiazepine
neurotransmission. J Ethnopharmacol 2013; 147: 412-418.

Rahman H, Eswaraiah MC and Ramesh S. Study of anxiolytic activity of some essential oils used
by inhalational exposure in mice. J Pharmacogn Phytochem 2014; 2: 1-9.

Linck VM, da Silva AL, Figueiré M, Caramao EB, Moreno PRH and Elisabetsky E. Effects of inhaled
Linalool in anxiety, social interaction and aggressive behavior in mice. Phytomedicine 2010; 17:
8-9.





